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OXIDE SUPe^CONDUCnVE STRUCTURE 



Background of the Invention 
FteW of the Invention 



T^e present inven«on relates to f" rT^^^^^^ 
superconductive structure capable of absortjng a ™condoc^. 
tooTn ttie ct^aractenstics even if it is immer^ in Lquid n.troqen so as to reveal superconaoctn«y 



Description of the Related Art 

'0 cinirtiirB\ has attracted attention tiecausa ot is 

Recently, an oxide ^"P^^^o"''"**'^:^^ the ox.de sviDe«»Kluc«e 

Significantly high critical ten,perat^ !^M;:ne" Son^e Imaging), a magneOc and the 
m^iai is appHed to an electnc fieid, an MRI (Magnetic nebun«»i wo y 

* ima in a manner in which the same ts 

,s The oxide superconductive mater,al can ^« '"^^^^"^J '^l^ .o surlac. A3 a 

used as it .3 and ,n another manner ,n '^J^^^^J^^^^, the surfac to ^ « 

water resistant resm or a metal filrn ^^1^^"^^^^ , ^eistura resistant ar^ ainight ceramet 
33087. Another superconductor navtng the ^rface .0 '^.t... 63-256587 
. protection is applied has been d,sc,oseC ^ ^^^:^;S:;^:S!^o.^ a 

However/conventional superconductors ot rie type to wn ch 9 obaning tne 

01 breakage due .0 Ihe thermal 

superconductivity. Another problems anse .n tt^ isTherebv critically deteoocted. Further- 

to ihe above^lescnbed thermal shock and tne ^^.I.Ir^Tn tUt^^ by water « 

. n^re. - 3uperco"ductor to whlch^^ ^17:Z^. .7T:S ^ flU the -.u. r^n ^ 
Z r— :r r^r^ ~ede.. on the surface Of the supercor^. c^ 
me characteristics to be critically oetefiorated. ^n^«r. Nn fi4-33087 suffers from the insufficiert 

T.e suoerconductor ^'-losed . .ap^Patent ^^X^2r :^TJL. when «o 

30 resistance against the thermal shodc Ther^. me ^ thermal *odc 

liquid nitrogen or microcracks can be genera^o .nsKlo the '"^^'l'^^'^'^,^r arises a pro«em in itai 

The superconductor ^*-'f^j:^;S^'^rsu^^^^^^^ ^ cec^T^ 

the overall resistance against a mechamcai snocx «> inauM.v^ 
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film. 

Summary of the Invention 



Accord,ng,v, an obiect of the oresent — ,s to P-^^^^^^^^^^^^^^^^^^ 
overcoming the above-described coov.nt«r^ proolem and exh.b.ting satisfactory 

thennal shock and mechanical shock. quoerconductiva structure whch 

Ar^rriino to the oresent invention, ttiero is provioea^ 
oxnpnsesTan oxide superconductor of a -"*^vered perovsk^te st^^^^^^^^^^ 

wt,k:h covers said oxide superconductor, at toast one of said '"^^^^^^^^IZ^^^^,^^,^^ ot ^ 

water pem,eability. the relationship between the thennal conductivity and the average m«*ness 
covering layer meeting following equation 



0.5. . . (1) 



so 



(Average thickn ess of covering layer 1) 



1 (Thermal conductivity of covering layer 1 at rooni 
temperature) 

(Where the unit of the average thickness .s cn,. tt. unit of the thermal conductivity is cal/cm sac ' Q ^ a 
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wt. a covenng layer wh.ch meets tt,e soeof.c ; J^^^^^^^^ shock 

,s .mmersed in liquid n-trogen for me ourposa of having ''^ ^J^""^^^^^^^^ ^ s*«« can 

can be absorbed. Therefore, damage aod l*:^ ^^/fJ'^'^tt^^^^^ 

be prevented. Furthermore, resistance against the mechanical shocK can be .mproveo. 



Claims 



0 1. An oxide superconductive structure »»hich comprises: 
an oxide superconductor, 

^ < «.5...(1) 

(Average thickness of covering layer i) ^ 

f (Thermal cor^duc tivi ty of covering layer i at room 

temperature) 

?5 

...ere the unit of the average tH^ess -s cm, the unit of the thermal conoucti.ty .s ca.cn, sec -C). 
Hovenng layer positioned in contact w*th sa« ox.de superconductor be.ng not ^ to said <«0e 

:o superconductor. 

Z An oxide superconductive stn^cture according to Claim f. wherein said ccvenng layer is made of a 

matenat having no magnetism. 

. 3. An ox,de superconductive structure acceding to Cm l or 2 -J-^ ^^^T^i^^ 
having a multi-layered perovsKite stnxttjre composed of a Y-Ba-Cu O corrpouna 

compound. 

is not joined to the oxide superconGucxor. 

*^ 1 whflr#»in tfiG covennq iaver is composed of at 

5. An oxide suoerconductive structure according to Claim 1, wherein ™^ « ^ the 

:he superconductor. 

6. An o«de superconducfve stn^cture according » ^'^-J ---["^^^^l^y cX^'S Tt^ 
ness and non-vvater permeability and meeting the ^'^^"^^ <; ^/^^.^J'^^octcTis no. pned to 
one layer, and the covering iayer positioned ,n contact ^th the ox.de supercono 

the superconductor. 

7. An o>ode suparconducth^e structure according to Cl.m i , ^^-^^J^^-^ j^^^^ 71^^^ 
least two layers, one of the layers having airtightness and '^°^""^'l^^^^Z,or positioned in 

55 structure composed Of at least two layers meets the »n(l).ar^d the ^ 

contact with the ox.de superconductor ,s not joined to the superconductor. 
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^ th/^co rtrrnrdina to Examoje 1. rs shown in Table 1, 
subjected to the expenrients ^ were ttie same as those according 

the results were satistaaxxY- 
(Example 9> 

5 ^=.r,i.farturecl in the same manner as Example 3 except for 

The oxide superconductive stri^oure ^^^"^f "'^f q , o3 (mm). ^Kt. was formed tWck on a 

the o^de supercorxlucor m dimension o» v^.ch 30° x W r ^ ^ 

subjectwJ to the expenments wNch were trw sam» « u 
ro the resutts wer« satisiactory. 

{Example lO) 

The ox^ superconduct^ structure ^as manu^ctt^jj in^^e^e iSS^^i^SS^M 

,s the oxide superconductor which was a sintered cyi.nde ^J^;"'^^^^^^ ^ ^^^^ ,5 as 

5 (thicicness, (mm) and except for the second ^^^'J^Z^Jentr^ wnK^ were the same as 

shown ^ F^. ^ Th. thus <*'>'''--^^^ '^'^tts SSaclory- 
those accortJng to Bowpte 1. A» show «i Table 1. ttie results 

20 (Example 11) 

,v,=„.,fortijred in the same manner as Example tO except tor 
The oxKle supenxnductive structure was "^^nufac^jred m tn^^ and whicn was formed thick on 

the oxide superconouctor wncn was ^^"'P*^^*"^^' ^ "'"''^^^rconductive structure was subjected to She 
a stainless steel cv.inder. The thus '^'^^J^f^^^^^ 
experiments whicn were the same as those according to Example 1. as s 



satisfactory 
(Example 12) 



30 
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^ thA romoosition of wotcti were the same as mose 
The oxK^ suoen:onouctor , 1 the ^^^^^^^^^^^^^^^^^^ foil 20 the ™ess of which is 30 

according to Exampe 1 was. as shown ,n Rg^3. cove^^J^' „f ,ne oxide suoercorx:uaor n .s free from 
,m in such a manner ma, ,ts .rterface with the outer ^"^^^ ^^^^y^;;"^ ^p,^ on to the aluminum 
each other. Then, the s.licone rut^ber 12 30 mm was packed on to the silicone 

foil 20 before me aluminun matenal 13 the '^'<=^«^,^ °* "J'"' ^,„ate portK^n t4 so that an ox.de 
rubber 12. The aiifmlnum material i3 was fixed by heat at the po, 

superconductive structure was obtained^ ^„^,„r^ v,as subjected to the expenments which were the 

The thus obtained oxKle superconductive the Ss were satsfacuxy. 

same as those accoroing to Example 1. As shown in Table 1, the results 

40 (Example 13) 

the structure arrangeo ,n sucn a manner that ' ^^.^ laver was made of a moisture 

polyethylene foam sheet the thickness of '^'"''^^ jhe thus ootained oxide supercon- 

,J..,J.c ^=.,«n«i comoosed of an aluminum/nylon compound matenal. i ne^^^^ .^^.ninn to Examote i. 

dlXe «e was sub.ected to the experiments which were tne 3.n« ^ . - 

As shown in Table 1 . the results were sansfactory. 

(Example 14) 

The oxide suoerconduct^ stnK:ture - ------;3r;r5%T-S "TZZ 

the oxide superconductor the dimension of which was 3W x o ^ ^^^^^ 
stainless steel substrate and wn«:n was made of B'-Sr-<J-CuJJ • , m Table 1. 

subjected to the exoenmems which were the same as those according 

55 the results were sansfactory. 

(Example 15) 
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The oxide superconductive structure was manufactured in the same manner as e-^mmeU 

^ . "xnn y 300 X 0.3 {mm), which was lormed tJwac on a 

me ox.de superconductor the duT,ens.on d w^^ ^JZlu^oZerL The thus octaoed stn««B w« 
stainless steel substrate and which was made of Bi-Sr-oa u ma«r 

subjected to the experiments which were the same as those according to Example i . As st«mi « -able 1. 
the results were satisfactory. 

{Compafative Examples 1 and 2) 

The oxide superconductors 11 we« respectively accommodated f ^^••^'=°;^^*^^^ 

^ 1 -f in a manrer that their interfaces were made tree so rai »i 
ses 01 wh.ch were 10 mrr, and 11 ^"^ "["^^^^"^^.^ j The thus obta.r«d test samples were 
samples were manufacturad in the same manner as txampie / . a ,-*~arti«isfics 
subSed to the expertments which were the same as those accord.rig to Example 1. Its characians.^ 
were, as shown in Table 2. deteriorated in the immersion test in liquid nitrogen. 

(Comp>arative Example 3) 

TT. oxide superconductors 1 1 was aco:rt,moda,ed in a stainless steel ^^'^^^^ 'J^f^^l^H^ 
of which was 800 in such a manner that its interface /"^f Jft '° ^.i Si^Sfl^ 
manufactured in the same manner as Ex^pie 6. The thus 

expenments which were the same as .hose accorting to Example 1. Its charactensdcs werB. as snoi«, m 

Tab*3 2, detenorated in the immersion test in iiquki nrtrogen. 

(Comparative Example 4) 

The oxide superconductor 11 same as that according ^^^'^^^1^';;^^,^ ^'^^^ 
accommodated in a polytetrafluoroethy,ene 'Tradename:Teflon) container 2r^te n^ng^s^ 
ruober 22. A test sa.p.e formed by oonding a .icone rub^r .o d 23 t e w^hich^^ 
on the interface of the oxide suoercooauctor ii was obtained as shown "^'S- . p^„^ , ^ ^ 
samp^ was subiected to the expenments wh^ were the same as '° ' ^ ' 

result, as Shown in Table 2. the test sample was damaged in the .mmersion tost mto liqu.d nitrogen 

(Comoarative Example 5) 

A test sample was manufactured .n the same manner as Comparative ^^^^^l^'^^^Z^ 
superconductor the dimens.on of wh^ - ^^^J^,"'^ ^ tLt ':^tr^X^ 

steel substrate and which was made of B.-Sr-Ca-CiK) material me as shown «i Table i 

suDiected to the experiments which were the same as those according to Example , . As shrjwn « Ta«e z. 
the test sample was damaged in the immersion test mto liquid nitrogen. 

40 (Comparative Example 6) 

A test sample was manufactured in the same manner as Comparative Ex^Pte S^xce^ ^^^"^ 
suoerconductor n was packed by an aluminum material having a ";"=^"«f^ °* '^^^^^^ 
sample was subjected to the experiments which were the same as '° ^^^^^ ^ 

^ -r^,^ « -u- in ttie immersion test into liquid nitrogen. 

(Comparative Examples 7 to 1 1 ) 

AS me oxide superconductor, a Y-6a-C.-0 compound o^B'-S-Ca-Cu-O compound T.Z^ 
in Table 2. The surtace of the emptoyed oxide superconductor was not appOed w^ '^'^'^^^^^ 
shown in Table 2. the test sample was damaged in the ''^f '^^^ ''^ S^J^^J^a^^ 
characteristics were deteriorated. Furthem^ore. it was exposed to the ^'^°'^''^Jl^'°J''^ so as to aQa« 
evaluate the characteristics. As a result detenoration in the charactenstics were obsen/ed. 
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oven .f the covering layer is corrracteo ,o a =arta.n degree due to the therma. shock. c>e suDer«nduacx .s 
not ?n uenced. Thus, the breaKBce can oe oreven.ed ar.d the superconducttv.tv ca. re -^^"-^ 

AS the material o. the crver,,-^ aver according to the preser,t .nvemion :c rreet condrtion^ 
airtiahtness and non-water perr.eao..«v >s ^ssary. that is. a material wh,cn a,r a.nc water cannot pa^ 
Sgh!s exempiL by a nv^a«™n.m con^pound, a ..csture re.stant --^^ ^ ^ 
layered fiirr., a ^licone fL. a p«y«uoroethy«ne [trade name: Teflon (manufacttrea =y Ou pon,)] suet, as 
polytetrafiuoroethylene. and a mew comaner maae of aluminum, copper and stam«ss steec 

in me cas« where a >^ is used. « the outermost «^ 

the superconductor, thermal fixng may pretoatty t)e performed and ^^^""^^ .'"^ 
so as to protect the entire surface of ft» superconductor from air and water. In tt« case where a metal 
on Ler 'sTs^d the c^mpouna ,s rormed by employmg 0-rings and bo«s f^:ne p^. In 
thlJ cie. It is preferable th^ ,nner port«i of the airtight and non-water permeaote covenng mater«l be 
made vacuum state or be filled mth a cry gss, 

it s preferabte that the covenng layer ^ covers the oxide '^^^'^^^J^^'^T^^ 
having no magnetism in the temperao^ range from room temperature '^J^J^^^^ "^'^ 
nitrogen in order to sufficientty exhibit the magnetic shieldability caused by the supcrconci^ ^pert^- 
It is exemplified by silver, copper. a««num, stainless steel <SUS304). mconnel, au,^* ays.^ glass. 
nyJon and Silicone rutot)er. ^™^-r,i^ vR^^t-T) 

AS the oxide superconouocr acaxong to the present '-'^'^'^^•'''1'^^^'^^^ 
compound or a Bi-Sf-Ca-Cu-O compound of a multi-layered percvsk.te stniCture be empoy^d^However. as 

the Whole body, such structure t>e«,g exempt by a structure ''^^^^^^^^J^^^^HTb^^ 
tor and a substrate and a sirixnurB sstao..sned cy combining the supercoocuctor ana 3 r,.ult,layered 

"'deferred embodiments or the f^m ,nventlon w.ll be descr.bed in aeta-i. However, me present 
invention is not limited to the cescnpoon aoout the embodiments. 

(Example i) 

Fig. 1 is a schematic cross seoionai v^w which illustrates a proc3SS a -ar.uacn^ng an ox.de 
superconductive structure acccrcirw to tr« present invention. ^^^^ „, , oerovskite 

First as shown ,n Rg. lA. an cxiae superconductor II which was a s:r.:erefl =ccy o» a perovskite 
struct^S composed o, a Y-Ba-C.^ compound the size of which is 300 x 3O0 x = .mm, was prepared^ 
"was as shov^n ,n F,g. .B. covereo ^ a silicone rubber 12 
such a manner that the_ ,nter^«s ma. J^J^^^^^^^ 
1 1 . Then, as shown in Fig. 1 C. iie siacone n.-ober 1 2 was pacKea oy an aiu.. 

of which was 30 ,m before a .arrimam oort«n 14 of the aluminum matenal 1 3 was nxea t,y heat so tnat an 
oxide superconductive structure was cotainea. ^.^tn^t nf m*» ■jiiimnp 

The inverse number of tne sum of vaiue obtained by dividing ^^^^^^^^^ 
rubber layer by the thermal corouc,:v,ty c= ^ silicone rubber in room tem-^^- Z^ZlT^Z 
by dividing the average thicimess of tne aium-num layer by the thermal conouovrty J aiam.num .n room 
temperature was measured, resulting to oe 3. 10. as shown below. 



55 



the average thickness of the silicone the average thickness of the 
rubber layer alu»inita i^y^^ ■ 



-=0. 10 



" the thennal conductivity of silicone the ^-^^^-l^^^^^.^^^'^^ 

rubber in roo. teiHperaturs alumtniua in nx» te«perature 



The Obtained oxide s.oerccrvx.c:>ve structure was subjected to experiments five '"^^ 
it is immersed in liquid nitrogen ,or 60 minutes before allowing to stand at 

AS a result, no damage was tc«na as snom, m Table i, and no detenoraaon a- ^ '^'^^'^^^^^^ 
Observed. Furthermore, it -as exposed to tne atmosphere for 10 days so as .o again evaluate the 
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charactenstics. As a result, no deterioration in the charactenstics was observed. 



(Exampie 2) 
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15 



A ^ Hir«««ci«nc and the comoosition of which were the same as those 
The oxKle superconductor 11 me ^atenal made of an aluminunVnytai 

according to Exan,pie 1 was vac"um-pa^«^''y ^ ^"'f/^^-^^^e interlace with the ooter ^ o* 
compou«l the thicJovess oxide superconductive structure «» 

the oxide superconductor 11 w«wJ f«e ^'Z.^ w« subjected to the experiments *Wch »»» 

obtained. The thus obtained oxide superconductive structure was suoieciea iq 
the sar™, as ttv^e according to Example 1. As shown in Tabte 1. the results were safsfactory. 

(Example 3) 

T^eo^suoorconductom ^^TlZir.:: '^^o^^ 
according to Example 1 was covered '"'^ "^^^^^^^^ of which was 30 ^. The laminate 
inorganic fiber was packed by the f r'""^^^' STox^de superconductive structure w« 

portion 14 of ti^ aiuminum material ,3 ■^^J^J'^J^^ ^ ,o le experiments which -e« 
obtnined. The mus ootained '^^^^^^'^^^J'^^^^.^ts were satisfactory, 
ttie same as those according to Exampie l . As snown in 1 4mo , 



20 



(Exampie 4) 

according to £xampie i was accommodatea m a stainless sieei oi ^ ^ ^ cont»w 

. 16 was 'ited in the w,dth of 100 .n. in a space -^^^^ ^^^^^^^^^ - ^ 

15 was covered .y a lid 17 ^^'^ ^^^^.^^^^^^ 
superconaucnve structure was obtained. The thus ODtainea (.wuo 

to the o^enments wt,ich were tt.e same as those accord.ng to Example 1. As shown ,n Tabte 1. the resu*s 

wore satstactory. 

JO 

(Exampie 5) 

As shown in Table 1. the results were satisfactory. 
(Example 6) 

The oxide superconductor 11 was accommodated in a^^^"^^-'^^ of ^^^da 
Which was 1 mm in such a manner .hat the interface was free ^ «^ jf^^J er S S^ple 4. The 
11. Ttien. the oxide superconductive stn^cture was manufactured ,n '^^^^ "^ ^ J ^ 

thus Obtained structure was sub,ected to the experiments wn.cn «ere .he same as acco mg 

Example 1 . As shown in Table i , the results were satisfactory. 

(Example 7) 

The o»de superconductor 1 1 was accommodated in an aluminum — ^ '^^^^^^^^ 
12 mm in sucn a manner that the interface was free iron, the sunaca of '^^"Zs 
the oxide superconductive structure was manufactured in the Example 
obtained structure was subjected to the experiments which were me same as those according txamp* 
1 . As shown in Table 1, the results were satisfactory. 

(Example 8) 

the oxide su^rcoTKluctor the dimension ofwh.c ^^^^^^ ^J^"^'^ obtained structure wa^ 
stainless steei substrate and which was made of Bi-Sr^^a-Cu-u maiBnai. 
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covenng layer pos^oned in contact ^ sa.d ox.da superconductor beir^ not ,o.oeO to sa.d oxKle 

suffic^m.; exhibit tho n^agnetic st,««ab«ty ^ ^ 

Usually, the suosrconductor is an oxKia having a multilayeraa perovsw™ 
Cu-0 compound or a Bi-Sr-Ca-Cu-O compound. 

suoerconductive structure according to comparative example 4. 
Detailed Description of the Invention 

^ ^- «. <*««^,«, accordina to the present invention comcrises ttm oakb supesron- 
oxide supe^conduct^« ^'^^'^^^^^'l^J^^ superconductor. The covenng Jayer has thr« 
ductor and at least one covenr>g layer wmcft covers tne oxtae 5um« 
characteristics (a) - (c) mentioned betows. .Kiiii,,. 

(a, the covenng layer ha. airtighlness ^eat the above<*«a*ed .pedfic 

(b) the thermal conductivity and tha average thickness of the layer mee 

from each other at the time of the rhenral contraction) . inveniicn is arranged 

As described above, the oxide superconductive structure aci-o y 

nry\n^nn lavsT. TherBfOJB, even it 

resistance against the mechanical snock can be improved. . comoosea of one or o^ore 

materials, that is. one or more iayers. Therefore n me .^^g.ina layer accoroing to tne presem 

rr S"^«^^:i.Hr^^^ 

the superconductor meets corxaticn (c). or resoectiveiY composed of one or more 

<2) the covenng layers 

layers and the layer positioned .n contart witn ^"P° .tmcture composed of two or more layers 
(3) one of the layers meets condition (a), a ^^^''-'^J^'^ ^T'.^^^J^^ r^eexs 
meets condition (b) and the laver positioned m ^^^^ expressed 

The covenng layer wnicn covers the ox.de suparconouc.or mu.. , 

by Equation (1): 



i_ < 0.5. ..(1) 

(Average th ickness of covering layer 1) 

i (Thermal conductivity of covering layer 1 at room 
temperature) 

s (Where. I denotes the number of the covenng layers, the unit of the average micKness is cm. the unH of the 
thermal conductivity is caL'cm sec C) nresent invention after various 

The above-descnbed condition was fotind by the ^^''^^'^^J'^'^ZZai s«« and to prevent 
examinations and experiments, the condition being necessary to at^sorb the therma. 
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That is, the mveniors or tne present ^^"^'' l^';^^^^ l,,^^^ nu^) in tha dimclion o* 
superconductor can be absorbed by '^'^^'^^1'^^%^^''^^^ o crr^. ,a be smaller man 100. 
the thickness of the covenng layer per tK,ur '^^'^J^l^^^^^ d,w^ the average thickness 
Namely, it is necessary to make the inverse number o* the value ODi^rwo . ^, ^ 
of the covering layer by its thefTT.al conductivity to be smaller than 0.5. 



Q = A 



(1) 



Z 

i 



ki 



>5 



0.5 > 



(ii) 



20 



2 

i 



[where Q: heat f.ux (c^'sec). thermal conductivity (ca.cm sec C). A ooj seoxmi area (cm^. iU «-)• 
temperature difference ( " C). r thickness (cm), the number of <^^«";^ 1^^^^^^^^ ^^^^ 
Assuming that Q :? lOO. the relatk^nship between the materal and the thickness becomes. example. 

25 as follows: 
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material 


thickness 


silicone rubber 


9 jLtm 


aij.iiminuin 


1.1 cm 


quartz glass 


74 m 


ceramic fiber 


43 tm 


vinyl chloride 


7 m 


polyethylene 


10 um 


r«i rs T-* T" 


8 iim 


air 


1 m 



AS the matenal to meet :he above^escribed condi«on (b) an heat ^T'T^^^^TL'^^^oZ^i 
suitably employed. Therefore, a fiber matenal or a porous matena^^ '^^^^'Jr r'-hlT^b^^yethyl- 
compound is preferably .sec. Specifically, it is exemplified by, s.l.core mbber, .r..hane rubber, pdyetny 
ene. polypropylene, polyethylene foam sheet and inorgan.c aboveKJescribed 

According to the present invention, .t is necessary for the Jayer »^ 

condition (b) and for conditran (c). that is. the condition that the '^^ f^^^ "J°^^"^^,ctor 
superconductor is not .oined to the superconductor to be met 'J^^^^Z^^^iore. 
and the covering layer is abie to be independent from each other agamsi the tnerma* conira 
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